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Germination of Jubaeopsis caffra seeds is hypogeal and 
remote-tubular. Emergence of the embryo from the seed 
results from both cell division and elongation in the apocole, 
while the cotyledonary apex enlarges to form a haustorium. 
The first two leaves of the seedling are scale leaves while the 
third leaf forms the first euphyll. The anatomical changes 
which occur in the various organs of the seedling during 
germination are described and discussed. 
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Die kieming van Jubaeopsis caffra saad is hipogeaal met 'n 
verlengde saadlobbuis. Die verskyning van die embrio uit die 
saad is die gevolg van be ide selverdeling en selverlenging van 
die apokoulus terwyl die terminale gedeelte van die saadlobbe 
vergroot om 'n haustorium te vorm. Die eerste twee blare van 
die kiemplant is skubagtig terwyl die derde die eerste eufil 
vorm. Anatomiese veranderinge wat tydens kieming in die 
verskillende kiemplantorgane voorkom, word beskryf en 
bespreek. 
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Introduction 
The anatomy of the cotyledon of the mature 
monocotyledonous embryo has been described in great 
detail by numerous authors (Boyd 1932; Eames 1961; 
McLean & Ivimey-Cook 1964). However, only Gatin (1906) 
discusses in any detail the anatomical changes which occur 
in the embryos of palms upon germination. 
In view of the various types of germination which occur 
in the Palmae, it is to be expected that the anatomy and 
ontogeny of the seedlings would vary greatly_ This variation 
is still very poorly described in the literature_ 
Jubaeopsis caffra Becc. (Palmae) is an extremely rare 
palm (Robertson & Visagie 1975) and while certain aspects 
of its germination have been described (Robertson & Small 
1977; Robertson 1980) nothing is known concerning seedling 
anatomy and ontogeny. The aim of this study has been to 
supplement not only our knowledge of J_ caffra specifically, 
but also to add to the information on germination and 
develoment in palms generally. 
Materials and Methods 
Seeds were collected from a 43-year old tree in St. George's 
Park, Port Elizabeth and were germinated according to the 
methods described by Robertson & Small (1977). Various 
stages of material were fixed in Craf II (Sass 1958). 
Dehydration through a graded tertiary butyl alcohol series 
was followed by infiltration with and embedding in paraffin 
wax. Sections were cut at 10 p..m on a rotary microtome and 
stained with safranin/fast green (Brooks, Bradley & 
Anderson 1950). Staining of endosperm for lipids with 
Sudan IV was done as prescribed by Jensen (1962). 
Results 
The cotyledon of the germinating seed can be divided into 
three regions viz the haustorium, which remains in the seed, 
the cotyledonary tube or 'apocole' (Cook 1939; cited by 
Tomlinson 1961) and the cotyledonary sheath which 
surrounds the plumule. As previously described (Robertson 
1980) germination of Jubaeopsis can be divided into five 
stages. Stage I is characterized by the appearance of the 
radicle and cotyledonary sheath through one of the three 
germination pores in the fruit's endocarp_ The first I 0 - 12 
days after radicle emergence constitute Stage IL During this 
period the apocole grows to a depth of ca. 5 em but remains 
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uniformly thick over its entire length. Definitive of the third 
stage is the distal swelling of the apocole. This occurs 20- 30 
days after radicle emergence when the apocole and radicle 
are 8- 10 em long. During Stage IV the apocole splits longi-
tudinally and the first leaf emerges. The appearance of the 
first euphyll (Figure IB) signifies the fifth and final stage 
of seedling development. This occurs 80- 90 days after radi-
cle appearance. 
Stage I 
The expansion of the cotyledonary apex to form a 
haustorium within the endosperm (Figure !A) results vir-
tually entirely from the increase in size of the central paren-
chyma cells with no cell divisions occurring in this tissue. 
Surrounding the central tissue is an epidermis, one cell layer 
of hypodermal parenchyma and 6- 8 cell layers of procam-
bium (Figure 2A) . In the procambium cells, both peri- and 
anticlinal divisions occur, while only anticlinal divisions oc-
cur in the epidermis. The procambium is often separated 
from the epidermis by one or two hypodermal layers of 
more or less isodiametric cells. Cell division in the epider-
mis, hypodermis and procambium, is very active to keep 
pace with the expansion of the central parenchyma during 
differentiation and growth of the haustorium. 
At this time the endosperm cells are still entirely unaf-
fected. In a radial section through the kernel, these cells are 
elongated and filled with numerous oil drops (Figure 2F). 
The cell walls are of cellulose and hemicellulose and are 
thicker than the walls in normal parenchyma cells. 
The cells of the upper petiolar region of the cotyledon 
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undergo elongation in a plane parallel to the long axis of 
the embryo (Figure 2B) . This elongation is the most impor-
tant factor in the initial extrusion of the embryo from the 
seed . Cell division, however, also occurs. The cells of the 
cotyledonary sheath divide particularly actively (Figure 2C) . 
Differentiation of the apocole procambium into xylem 
and phloem elements occurs at an early stage (Figure 2C). 
Relatively little development occurs in the plumule during 
this stage of germination (Figure 2D). In the growing point 
of the radicle, where differentiation into the four histogens 
is poor, most of the growth occurs in the calyptrogen where 
the rate of cell division is very high. These divisions result 
in the formation of a columella in the calyptra (Figure 2E) . 
Stage II 
While the apocole carries the plumule and radicle down in-
to the soil, the size of the haustorium inside the endosperm 
increases rapidly. In so doing , the central parenchymatous 
mass becomes completely disorganized as the cells tear away 
from each other and disintegrate leaving only a narrow 
peripheral band of intact haustoria! tissue (Figure 3A). The 
surface of the haustorium becomes sinuous and consequent-
ly increases in area. 
The peripheral band of intact cells (Figure 3B) consists 
of an epidermis with dense cytoplasm, one or two sub-
epidermal layers of small parenchyma cells and of vascular 
bundles. While most of the cells in this peripheral zone 
undergo cell division, it is in the epidermis that the rate of 
division is especially high . 
Digestion of the endosperm is well under way at this stage 
Figure lA & 8 A. Haustorium formed by the cotyledon apex. The endocarp and endosperm have been removed. B. Final stage in germination 
showing the emergence of the first euphyll. (a - apocole; eo - first euphyll; h - haustorium; n - nut; p - petiole; sh - sheath; sl 1 - first 
scale leaf; sl 2 - second scale leaf.) 
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and the endosperm cells at the endosperm/haustorium in-
terface disintegrate. Their contents subsequently become ab-
sorbed by the haustorium (Figure 3C). In a tangential sec-
tion through the kernel, the endosperm cells appear more 
or less isodiametric in shape, with small intercellular spaces 
between them (Figure 3D). 
The upper petiolar section of the cotyledon has by this 
time reached its maximum length and the cells are exten-
sively elongated. It appears though, that the epidermis in 
this section of the cotyledon is unable to elongate sufficient-
ly, with the result that the cells undergo disorientation and 
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disintegration (Figure 3E). Confirmation that this part of 
the apocole has reached its maximum length is provided in 
Figures 3F & G, where it can be seen that a well developed 
sclerenchymatous sheath surrounds each vascular bundle 
and consequently precludes further elongation. 
Growth in the lower section of the apocole, i.e. in the 
cotyledonary sheath, is, on the other hand, at a peak and 
the meristematic activity of the cells in this section is ex-
tremely high (Figure 3H). 
Leaf development in the plumule becomes apparent in 
this phase of germination and the length of the first leaf 
Figure 2A- E Longitudinal sections through portions of an embryo 
in Stage I of germination. A. Cotyledonary apex ( x 180). B. Cotyledonary 
petiole ( x 180) . C. Cotyledonary sheath ( x 180). D. Plumule ( x 180). 
E. Radicle tip ( x 220). F. Transverse section through the endosperm 
( x 220). (c - calyptrogen; i - initials; pc - procambium; pe - periblem; 
pi - plerome; sl I - first scale leaf; sl 2 - second scale leaf.) 
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Figure 3A- J Anatomical changes which occur during Stage II of germination. A. Transverse section through haustorium ( x 25). B. Transverse 
section of the periphery of the haustorium ( x 160) . C. Radial transverse section of endosperm and haustorium ( x 160) . D. Tangential section through 
endosperm ( x 160) . E. Longitudinal section of petiolar region of apocole ( x 160). F. Transverse section through petiolar section of apocole ( x 25). 
G. Vascular tissue in the petiole ( x 160). H . Longitudinal section through the cotyledonary sheath ( x 160). I. Longitudinal section of plumule ( x 25) . 
J. Median longitudinal section through radicle tip ( x 70). (c - calyptrogen; cp - central parenchyma; de - endosperm being digested; e - epider-
mis; h - haustorium; i - initials; ie - intact endosperm; pe - periblem; ph - phloem; pi - plerome; pz - peripheral zone; rc - rootcap; sc 
- sclerenchyma sheath; sl I - first scale leaf; x - xylem.) 
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increases rapidly while subsequent leaves also develop 
(Figure 31). 
Differentiation and organization of the primary root tip 
becomes evident at this stage. The extreme tip of the radi-
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de still appears to be enveloped by the 'primary dermatogen' 
(Von Guttenberg 1960). From Figure 31 it can be seen that 
the distal cells of the root cap are not organized into radial 
files as are the more proximal ones and it is assumed that 
B 
Figure 4A- G Anatomical changes during Stage III of germination. A. Transverse section of cotyledonary sheath ( x 160). B. Transverse section 
through first scale leaf ( x 35). C & D. Longitudinal sections of first scale leaf ( x 25)( x 160). E. Longitudinal section of radicle tip ( x 70). F. Longitudinal 
section through columella (X 180). G. Transverse section through primary root showing point of origin of lateral root (x 120). (c- calyptrogen; 
cl - columella; co - cortex; ct - cuticle; i - initials; is - intercellular spaces; lr - lateral root; pe - periblem; pi - plerome; pr - primary 
root; rc - root cap or calyptra; s - stoma; sc - sclerenchyma; sg - starch grains; st - stele.) 
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these disorganized cells are remnants of the embryonal 
calyptra. A well developed calyptrogen is evident at this 
stage. So too are the plerome and periblem which are slightly 
more differentiated here than in Stage I. The dermatogen 
is, however, not yet well defined. 
Stage Ill 
At this stage the anatomy of the various components of the 
cotyledon, i.e. the haustorium, petiole and sheath, has 
already become established and no further major changes 
occur. In the haustorium the only apparent structural 
change is in respect of size. Longitudinal growth of the 
apocole, on the other hand, has ceased and it undergoes 
no further development. In a transverse section the 
cotyledonary sheath consists mainly of homogeneous paren-
chyma with rather distinctively shaped intercellular spaces 
(Figure 4A). 
The principle anatomical development during this phase 
of germination occurs in the plant axis itself. In the plumule, 
the first scale leaf, which at this stage is ca. I em long, grows 
rapidly and starts to force its way up into the cotyledonary 
sheath towards the petiolar section. This leaf possesses no 
lamina and is simply a rigid sheath which protects the 
underlying leaves. 
Differentiation of fibres in association with the vascular 
bundles, especially in the apex of this leaf (Figures 48, C 
& D) adds to its mechanical strength and facilitates the rup-
turing of the cotyledonary sheath and the subsequent 
journey to the soil surface. 
The epidermal cells of the first scale leaf are more or less 
isodiametric with thickened radial and outer tangential 
walls. The latter are covered by a cuticle (Figure 40). The 
mesophyll is not differentiated into palisade and spongy-
parenchyma tissue, but consists of a fairly homogeneous 
mass of parenchyma. No chloroplasts are present in these 
cells . Dotted throughout the mesophyll are tanniniferous 
idioblasts. The vascular tissue consists of a number of 
vascular bundles each surrounded by a sclerenchymatous 
sheath (Figures 48 & C) . 
In the root tip, differentiation and growth in the plerome, 
periblem and calyptrogen are well underway and much 
meristematic activity can be observed in all three regions 
(Figure 4E). The dermatogen is, however, still not clearly 
differentiated. 
At this stage the columella in the root cap is very clearly 
developed (Figure 4E) and many starch grains accumulate 
in its cells. These statoliths become localized in the distal 
end of the cells against the transverse walls (Figures 4E & F). 
The first three lateral roots appear during this germina-
tion stage. These roots are not adventitious but are initiated 
in the primary root at a point immediately distal to the 
hypocotyl (Figure 4G). Adventitious roots are formed on-
ly at a much later stage in seedling development. 
Stage IV 
The haustorium and endosperm exhibit no further 
anatomical changes. The apocole has by this time fulfilled 
one of its two most important functions in that it has buried 
the plant axis at the required depth in the soil. 
It is, however, still active in respect of its other main func-
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tion, viz. that of supplying the seedling with nutrients from 
the endosperm via the haustorium. The vascular bundles 
are consequently still intact and apparently functional , while 
the parenchymatous ground tissue, on the other hand, 
shows signs of disorganization and degeneration. 
When the first scale leaf emerges from the cotyledonary 
sheath, the latter is ca. 5 em long. Apart from an increase 
in overall size and the appearance of a few peripheral groups 
of fibres in this first leaf (Figure 5A), the only other im-
portant change is the tremendous accumulation of starch 
grains in the cells of the mesophyll (Figure 58) . Each 
vascular bundle is surrounded by a sheath of fibres which 
tends to be thickest in the vicinity of the phloem. The pro-
toxylem consists of spirally thickened elements, while the 
metaxylem contains scalariform and pitted vessels (Figure 
58) . 
Also evident in the scale leaf at this stage, are stegmata 
which occur in association with the vascular bundles (Figure 
5C). The silica bodies in these cells are, however, still too 
small to tell whether they will be of the hat-shaped type or 
of the spherical or druse-shaped type (Tomlinson 1961). 
The second scale leaf, which also becomes externally visi-
ble during Stage IV, is anatomically very similar to the first 
one and will consequently not be described further. 
Enveloped within the second scale leaf is the first euphyll 
or foliage leaf (Figures 50 & E). The formation of plica-
tions and the segmentation of the palm leaf is extremely 
complex and conflicting descriptions concerning this aspect 
of leaf development have been made (Eames 1953; Venkata-
narayana 1957; Periasamy 1962) . In view of the fact that 
the first six euphylls of the J. cajjra seedling are simple, 
lanceolate leaves and that, although they are plicated, they 
do not undergo segmentation, this aspect of leaf develop-
ment will not be discussed in this paper. 
The most significant development to occur in the radicle 
tip during Stage IV is the differentiation of a definite der-
matogen (Figure 5F). At this stage it is possible to observe 
that the apical organization in the root tip of J. cajjra is 
of the 'open' type, and is thus similar to the root tip of 
Cocos nucifera (Pillai & Pillai 1962). 
Although no further development is evident in the calyp-
tra, differentiation in the other three histogens has reached 
quite an advanced state. The dermatogen has given rise to 
an epidermis comprising radially elongated cells (Figure 5G), 
the periblem has resulted in the formation of a well differen-
tiated cortex, while the plerome has produced the stele of 
the root. 
The cortex consists mainly of parenchyma cells which in 
a transverse section are more or less isodiametric in shape. 
Intercellular spaces are also present (Figure 5H). In a 
longitudinal section these cells are, however, slightly 
elongated. This elongation is somewhat accentuated in the 
first six or seven sub-epidermal layers, the cells of which 
later differentiate into fibres. 
Differentiation of the components of the polyarch stele 
is nearly completed by this time. The centre of the stele is 
occupied by sclerenchymatous ground tissue which extends 
radially to separate the xylem and phloem groups. Differen-
tiation of the metaxylem elements occurs more or less at 
this stage (Figure 5H). 
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Figure SA - H Anatomy of Stage IV in the seed germination. A. Transverse section through first scale leaf ( x 25). B & C. Longitudinal section 
of a vascular bundle in first scale leaf ( x 160). D. Transverse section through first euphyll and surrounding scale leaves ( x 25) . E. Transverse section 
of first euphyll ( x 130). F. Longitudinal section through the radicle tip ( x 160). G. Longitudinal section of the primary root ( x 160). H. Transverse 
section of the primary root ( x 160). (co - cortex; d - dermatogen; ep - epidermis; eo - first euphyll ; ex - exodermis; f - fibres; i - initials; 
I - lamina; m - mesophyll; mx - metaxylem; pe - periblem; ph - phloem; pi - plerome; px - protoxylem; r - rachis; rc - rootcap; sc 
- sclerenchyma; sg - starch grains; sl I - first scale leaf; sl 2 - second scale leaf; st - stegmata.) 
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Figure 6A- I Anatomical changes during Stage V in seed germination. A. Transverse section through second scale leaf and first euphyll ( x 90) . 
B. Transverse section through the lamina of the first euphyll prior to emergence ( x 90). C. Transverse section through lamina of first euphyll shortly 
after emergence ( x 90). D . Longitudinal section through first euphyll ( x 90). E - I . Transverse sections through portions of the primary root. 
E. ( x 25). F. Epidermis and exodermis of immature root ( x 150). G. Cortex and stele of immature root ( x 150). H . Epidermis and exodermis of 
mature root ( x 150). I. Inner cortex and stele of mature root ( x 150). (ad - adaxial epidermis; ae - aerenchyma; ch - chlorenchyma; en - en-
dodermis; eo - euphyll; ep - epidermis; ex - exodermis; Ia - lacunae; me - motor or expansion cells; mp - metaphloem; mx - metaxylem; 
pc - passage cells; pe - pericycle; pp - protophloem; px - protoxylem; sl 2 - second scale leaf; st - stele.) 
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Stage V 
The most significant anatomical changes that take place du-
ring this stage occur in the first euphyll and in the root of 
the seedling. 
While the first foliage leaf is still enclosed by the second 
scale leaf, the lamina, which has enlarged considerably, is 
neatly and tightly folded within the sheath of the second 
scale leaf (Figure 6A). No bulliform or expansion cells are 
visible in the leaf at this stage, nor do the mesophyll cells 
contain chloroplasts (Figure 6B) . 
However, when the first euphyll emerges from the second 
scale leaf, large bulliform cells differentiate in the hypoder-
mis around each fold in the lamina (Figure 6C) and are ap-
parently involved in the expansion of the lamina. 
The epidermis of this leaf is covered by a thick cuticle 
while the mesophyll is not differentiated into palisade and 
spongy-parenchyma but consists only of homogeneous 
parenchyma transversed by vascular bundles. Chloroplasts 
become visible in the mesophyll at this stage. However, the 
two abaxial hypodermal cell layers, viz. the single abaxial 
hypodermal layer and the bulliform cells, are without 
chloroplasts (Figure 6D). No stegmata are present in this 
leaf, but there are cells containing much starch which often 
occur in association with the vascular bundles. 
Immediately prior to the external appearance of the first 
euphyll, differentiation of the root components is nearly 
completed. The epidermal cells have enlarged considerably 
but do not constitute a piliferous layer (Figures 6E & F). 
The cortex is comprised of three distinct tissues, (Figure 
6E) viz . an outer sclerenchymatous region of 12- 15 cell 
layers (Figure 6F), a central aerenchymatous zone (Figures 
6E & G) and an inner cortex of parenchyma and scleren-
chyma (Figure 6G). 
This inner region which consists of much smaller cells and 
which is only about four cell layers thick, is bound on the 
inside by the endodermis (Figure 6G). Lignification of the 
endodermis walls is initiated at about this time. 
Differentiation in the stele is completed at this stage with 
the metaxylem and metaphloem being fully developed. A 
pericycle, consisting of a single layer of large sclerenchyma 
cells, is also evident in the stele (Figure 6I). 
After expansion of the foliage leaf, the only changes that 
occur in the anatomy of the root take place in the cortex 
where further lignification of the outer cortical cells occurs. 
The walls of the first cell layer under the epidermis become 
much thicker than in any other cell layer (Figure 6H) . 
Lignification of the endodermis is also completed except 
for a few passage cells which remain thin-walled (Figure 6I). 
At this stage, germination has been completed and the 
seedling is an autonomous entity. 
Conclusions 
Germination in Jubaeopsis caffra is remote-tubular, and like 
all other palms, with the exception of Nypa fruticans 
(Tomlinson 1960a; 1960b; Moore & Uhl 1973), it is 
hypogeal. 
Elongation of the apocole, which is necessary for the ex-
trusion of the embryo from the seed and for burial of the 
plant axis in the soil, results from both cell enlargement and 
cell division. It appears that the petiolar section of the 
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apocole is mainly responsible for elongation by cell enlarge-
ment while the sheath section elongates as a result of active 
cell division. 
When the radicle tip emerges from the germination pore, 
it is covered by a protective cap. Gatin ( 1906) states that 
the radicles of all palm embryos are protected in this man-
ner and that the cap is a radicular sheath originating from 
the cotyledonary tissue. This view is supported by Tomlin-
son (1960a). Von Guttenberg (1960) , however, rejects this 
interpretation and describes the cap as being nothing other 
than a primary root cap originating from cell tiers in the 
proembryo which are totally different to the tiers which give 
rise to the cotyledon. The results of this study, as well as 
those from an embryological study (Robertson 1976), sup-
port this latter view and it is concluded that it is a true calyp-
tra originating from a specific tier of cells in the fourth cell 
generation of the embryo. 
Gatin's (1906) division of germination into two phases 
viz. a preparatory phase and a germinative phase is based 
primarily on the time at which the radicle emerges from the 
cotyledonary sheath. However, as already discussed, the 
radicle is not enveloped by the cotyledonary sheath and con-
sequently the first organ to emerge from the germination 
pore is the radicle with its root cap. In view of this, it seems 
that in J. caffra germination consists of a germinative phase 
only. 
Normally it is assumed that the roots formed at the base 
of the stem in palm seedlings are adventitious in that they 
originate from the hypocotyl and/or the lower internodes 
of the stem (Tomlinson 1960a; 1961). From the data ob-
tained in this study, it is clear that in J. caffra the first three 
roots formed after germination are lateral roots which arise 
endogenously from the primary root. It must be stressed 
though, that in the adult plant the entire root system com-
prises adventitious roots. 
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